The simple mathematical models for batch culture of pellet-forming fungi in submerged culture are tested on growth data for Polyporus versicolor (ATCC 12679) and Pleurotus ostreatus (ATCC 9415}. A kinetic model" based on growth rate proportional to the two-thirds power of cell mass is shown to be satisfactory. A model based on growth rate directly proportional to cell mass fits the data equally well, however, and may be preferable because of mathema·tical simplicity.
There are some important fermentations, however, which involve multicellular organisms, notably pellet-forming fungi.
Such fungi produce small balls or pellets of mycelia in liquid culture. There has been considerably less kinetic modeling of batch culture using pellet-forming fungi, it being usually assumed that pellet-forming fungi grow at a rate proportional to the 2/3rds power of the cell mass (1,2). This is based on the fact that such fungi should grow in proportion to their area, since nutrients must diffuse through a surface cell layer.
Unfortunately, this widely assumed result seems to be based on an experiment conducted in shaken flasks, and may not be applicabl~ to all fermentations, particularly those with vigorous mechanical agitation (6} ..
4
This early study, using the fungus Neurospora, compared semilogarithmic, linear, and cube root plots 'and showed that a cube root best fitted the batch culture growth data (6).
This corresponds to a growth rate model such that dX _ A X2/3
at-.
where A is a constant.
The present study uses Polyporus versicolor and
Pleurotus ostreatus, both fungi involved: in lignin degradation and both of which form pellets in liquid culture. The f~ngi were grown in a five-liter ferrnentor on a glucose medium, and cell mass concentration was measured as a function of time.
Results show that for small pellets, the assumption of growth being proportional to the 2/3rds power of cell mass is good, but not necessarily the best one to make. 
MATERIALS AND METHODS

RESULTS
For each of.the eight hatch fermentations listed in Table 1 , the cell mass concentration was monitored over time.
Complete data are available elsewhere (3}. ·From the data, cell growth models represented in Equation (1) and Equation (2) were tested. For example, in Figure 1 is illustrated the increase in cell mass over time for P. versicolor grown at 35-°C, plotted on rectangular coordinates. The model of·
Equation (1) is illustrated in a semilogarithrnic plot shown in Figure 2 . The best-fit least squares line has been calcu-.lated and is shown~ The model of Equation (2), in which growth is proportional to the 2/3rds power of the cell mass, is illustrated in Figure 3 . Again, the calculated best-fit line which minimizes the squares of the errors is shown.
For each fermentation, the parameters which define the best-fit line are listed in Table 1 , according to the relevant models . . A general form of the Equations is as follows:
where C and B are constants. In addition to the two models described, 
DISUCSSION
It has been previously assumed that pellet-forming fungi grow at a rate proportional to the 2/3rds power of cell mass.
The present results show that this is a reasonably good model, but not necessarily the best or the simplest one. The average R 2 for this model is 0.964, which means that 96.4% of the variation in cell mass can be explained by the best-fit line calculated from the model.
Although such an R 2 is quite acceptable, it is seen in · . 2 Table 1 The difference in R 2 values between Equations (1) and (2) is significant at the 95% confidence level. The main conclusion of this work, however, is that it does not make a great deal of difference which model one chooses. ·All models result in very acceptable coefficients of determination. Also Table 1 illustrates that both B values of 1 and of 2/3 yield maximum growth rates at the same temperat}lre,
The effect which agitation has on.th~ fungus pellets is probably important. Fungus pellets grown in shaken flasks are often relatively large, of diameter 0.5 to 1.0 em. In the fermentor, however, the average diameter is rarely greater than 1 or 2 mm. It seems that the agitation tends to break apart the pellets and to keep them small. This breaking apart 
